Although plants simultaneously interact with multiple neighboring species throughout their 1 6 life cycle, there is still very limited information about the genetics of the competitive response 1 7 in the context of plurispecific interactions. Using a local mapping population of Arabidopsis 1 8 thaliana, we set up a Genome Wide Association study to estimate the extent of genetic 1 9 3 1 stress responses.
was included in the experiment to test whether the differences observed between the treatment 1 4 0 where A. thaliana was grown alone (i.e. treatment A) and the treatments of interspecific 1 4 1 interactions were not only due to the presence of a neighbor plant, but were rather dependent 1 4 2 on either the identity of the neighboring species or the combination of neighboring species. Each 'block x competition treatment' combination was represented by 96 pots (7 cm x 1 4 7 7 cm x 7 cm, vol. ~250 cm 3 ; TEKU MQC) filled with damp standard culture soil rate (between 0% and 6.25%) and were therefore discarded from further analyses. Plants that 1 5 5 germinated after 6 days (i.e. 1.16%) were also discarded from further analyses. nutrients. The experience lasted 87 days, from sowing to harvesting of the last plants. shade avoidance (Dorn et al., 2000) in A. thaliana. The two other traits were used as proxies 1 6 6 of resources accumulation. The maximum diameter of the rosette was measured at the nearest 1 6 7 millimeter (DIAM; Weinig et al., 2006) . This trait is a proxy of the growth of the rosette of 1 6 8 the focal plant from germination to flowering. The above-ground dry biomass (BIOMASS, 1 6 9 expressed in grams, with a precision down to the tenth of a milligram) was estimated by 1 7 0 drying the aboveground portion for 48H at 60°C. We additionally quantified the strategy adopted by A. thaliana in response to neighboring Plants that had not flowered 87 days after sowing (i.e. 1.15%) were assigned a flowering 1 7 6 date value of 87. H1F and HD were therefore not available for these plants. Exploring natural variation of plant-plant interactions at different levels of complexities
The following mixed model (PROC MIXED procedure, REML method, SAS 9.3, 1 8 1 SAS Institute Inc) was used to explore the genetic variation of response among the 96 TOU-A 1 8 2 accessions:
where 'Y' is one of the phenotypic traits scored on focal A. thaliana plants, 'µ' is the overall intervals of Pearson's r were not overlapping with the value of 1.
6
To test whether the four phenotypic traits were not redundant, we estimated for each 2 2 7 treatment the genetic correlation for each pair of traits, by calculating the Pearson correlation 2 2 8 coefficient based on BLUPs as described above. The effects of population structure on phenotype-genotype associations has been 2 3 2 demonstrated to be limited in the TOU-A population (Brachi et al., 2013; Baron et al., 2015) . In this study, we discarded SNPs with more than 16 missing values across the 91 2 3 9
accessions. In addition, because rare alleles may lead to an inflation of low p-values (Atwell interpretation of the molecular mechanisms involved in plant-plant interactions in our study. Highly significant genetic variation was found across the 12 treatments for the four 2 7 8 phenotypic traits scored on focal A. thaliana plants (Table 1) . Similar results were observed 2 7 9 without considering the treatments where A. thaliana was grown alone or with clones (Tables   2  8  0 S1 and S2). Broad-sense heritability values estimated for the four phenotypic traits within 2 8 1 each treatment were all highly significant (Supporting information Table S3 ) and ranged from 2 8 2 0.65 to 0.96 (mean = 0.82, median = 0.81; Supporting information Table S4 ), suggesting that information Figure S1 ). Importantly, as evidenced by highly significant 'Treatment x Accession' interactions, 2 9 0 strong genetic variation of reaction norms was found for the four phenotypic traits, with or 2 9 1 without considering the treatments where A. thaliana was grown alone or with clones ( Table   2 9 2 1, Supporting information Tables S1 and S2). Across the four phenotypic traits, across-2 9 3 environment genetic correlations ranged from 0.19 to 0.86 (mean = 0.57, median = 0.57; 2 9 4
Figure 2), indicating that the rank of accessions largely differed among the 12 treatments. This pattern of crossing reaction norms is well illustrated for the height from the soil to the To compare the genetic architecture underlying the competitive response of A. Across the 12 treatments, the degree of environmental pleiotropy of a given top SNP 3 0 7
followed an L-shaped distribution (Figure 3 ). For the traits H1F, DIAM and HD, more than common association peak at the beginning of chromosome 4 between the 12 treatments 3 1 4 (Supporting information Figure S2 ). Therefore, in this study, the genetic architecture largely depends on both the SNPs were specific to either the control treatment or one of the three monospecific interaction with BIOMASS were specific either the control treatment or one of the three monospecific 3 2 3
interaction treatments (Supporting information Figure S6 ).
2 4
Secondly, the genetic architecture of competitive response of A. thaliana was also 3 2 5
highly dependent on the three-way combination of P. annua, S. media and V. arvensis. In were not present in the sets of 200 top SNPs identified in the three monospecific interaction for the treatment PSV), but also between the two assemblages based on this pair of 3 3 6
neighboring species (Supporting information Figure S2 ). In the latter case, less than 16% of illustration, we detected a neat association peak for H1F at the end of chromosome 5 in the PPP and SSS (Figure 5b ). We retrieved 369 unique genes located within or overlapping a 2kb region around the Supporting information Table S5 ), whereas the 'DNA' and 'not assigned' classes were information Table S5 ). Plurispecific), we observed strong differences in the number and identity of enriched information Table S6 ). In contrast, significantly enriched biological processes were detected 3 5 8
in the context of interspecific interactions. For the 'Monospecific' interaction category, we 3 5 9
detected a significant enrichment for the 'tetrapyrrole synthesis' class, which was represented 3 6 0 by the genes HEME OXYGENASE 3 (HO3) and HEMB1 (Supporting information NO POLLEN GERMINATION 1 (NPG1) and IQ-DOMAIN 17 (IQD17)), a G-box family (AT5G40645). In the 'transport' class, we identified several genes encoding diverse its homolog PHO1;H1). We also identified four proteins related to the transport of mineral Table S7 ). In the 'DNA' class, Because a focal plant rarely interacts with only one neighboring species either in crop 3 9 0 fields or in more natural environments, the genetics of plant-plant interactions need to be 3 9 1 studied in a community context. In this study, we compared the genetic architecture of the 3 9 2 competitive response of A. thaliana between monospecific and plurispecific neighborhoods. To achieve this goal, we adopted a GWA mapping approach combined with the modern short distances, we focused on a highly genetically polymorphic local population of A.
3 9 9
thaliana known to interact in situ with the three neighboring species considered in this study. life-history trait such as seed dispersal (Reboud et al., 2004; Wender et al., 2005) , we also by the fact that multiple functions are involved in such interactions, and/or most of the leading to the absence of enrichment of any biological process.
5 7
Only the tetrapyrrole biosynthesis pathway represented by the genes HO3 and HEMB1 was found for the 'Monospecific' interaction category. In plants, tetrapyrroles play essential protection to oxidative damage. In this context, HO3 is involved in salinity tolerance in A. thaliana by controlling K+ retention (Bose et al., 2013) . Altogether, these findings suggest 4 6 8
that photosynthesis, and more widely light perception and signaling, might be essential in the 4 6 9
case of monospecific interactions. In the 'Plurispecific' interaction category, the major over-represented biological conditions (Lehti-Shiu et al., 2009; Tang et al., 2017) . Our findings suggest that RLKs might Dai et al., 2013; Xu et al., 2014) . IKU2 (HAIKU2) controls endosperm proliferation and seed shed some light on the molecular mechanisms underlying these interactions. The second major over-represented biological process in the 'Plurispecific' interaction Moreover, two proteins related to phosphate transport, PHO1 and its homolog PHO1;H1, neighbor perception, signaling and the resulting cell reprogramming.
2 4
In conclusion, our results suggest that plants can integrate and respond to different leading to developmental and stress responses ( Figure 6 ). Complementarily to our GWA 5 2 8 study, transcriptomic and proteomic analyses of A. thaliana plants exposed to monospecific 5 2 9
and plurispecific neighborhoods would help to identify genes and proteins that are
differentially regulated under these conditions. To our knowledge, no such studies comparing University of Lille 1 -Région Nord-Pas-de-Calais to EB. This study was also supported by 5 4 3 the LABEX TULIP (ANR-10-LABX-41; ANR-11-IDEX-0002-02). after FDR correction. Model random terms were tested with likelihood ratio tests (LRT) of models with and without these effects. Random 
